Background and Objective In Caucasians, the MDM2 single nucleotide polymorphism (SNP) 285 G[C (rs117039649) neutralizes the effect of 309 T[G (rs2279744), which increases MDM2 expression and impairs the p53 pathway. In this study, we examined the distribution of these two SNPs in Polish women with squamous cell carcinoma (SCC) (n = 379), adenocarcinoma (n = 59) and other cervical tumor types (n = 18). Methods The polymerase chain reaction-restriction fragment length polymorphism technique and DNA sequencing were employed in our study. Results The P trend value calculated for the MDM2 285 G[C polymorphism was statistically significant (P trend = 0.016) for SCC. Using logistical regression analysis adjusted for the effect of age, pregnancy, oral contraceptive use, tobacco smoking, and menopausal status, we observed that the MDM2 285 G[C SNP protected against SCC, with an adjusted odd ratio (OR) for the C carriers versus G/G genotype of 0.536 (P = 0.019). Stratified analyses of MDM2 285 G[C revealed a protective role of the C allele against SCC in women with a positive history of oral contraceptive use (age-adjusted OR 0.413, P = 0.021) and in premenopausal women (age-adjusted OR 0.362, P = 0.022). We also found that the 285GG/309GG vs 285GG/309 TT genotype increased the risk of SCC (adjusted OR 1.890, P = 0.005). However, the 285CC/ 309GG ? 285GC/309GG versus 285GG/309GG genotype reduced the risk of SCC (adjusted OR 0.311, P = 0.004). Conclusion Our results demonstrate that the MDM2 285C gene variant and 285CC/309GG ? 285GC/309GG genotypes protect against SCC, most likely by neutralizing the effect of the 309 T[G SNP. The 285GG/309GG genotype increases the risk of SCC possibly due to increased MDM2 expression.
Introduction
Cervical tumors are the third most frequent type of neoplasia that causes death among women worldwide [1] . The incidence of cervical neoplasia is especially high in developing countries, accounting for 86 % of all newly diagnosed cases worldwide [1] . Infections with high-risk types of human papillomavirus (HR-HPV) are thought to be the main etiological agents of cervical lesions [2] . HPV infections have been identified in nearly 100 % of all squamous cell carcinoma (SCC) cases [3] , and it has been estimated that approximately 15-40 % of sexually active women are infected with HR-HPV [4] . Despite the frequency of HPV infections, only a small percentage of these women exhibit persistent positivity for HR-HPV types [5] . Apart from HPV, other susceptibility variables of cervical lesions have been identified, including social status, tobacco consumption, multi-parity, oral contraceptive use, age of sexual debut, and environmental pollutants [6, 7] . These data indicate that interactions between various susceptibility variables and genetic backgrounds are essential for the cancerous transformation of HR-HPV-infected cervical epithelial cells to cervical malignancies [6] [7] [8] [9] .
Expression of the HPV E6/E7 oncoproteins leads to the inactivation of tumor suppressor proteins p53 and retinoblastoma tumor suppressor protein (pRB), eventually causing uncontrolled cell cycle progression, increased cell survival, and accumulation of DNA damage [10, 11] . Murine double-minute 2 homolog (MDM2) is a major negative regulator of p53 protein levels [12, 13] . Furthermore, MDM2 interacts with pRB and binds to the activation domain of the E2F1 transcription factor that inhibits pRB regulatory functions [10] .
Abnormal MDM2 levels have been linked to an increase in genetic errors that account for the onset and development of various diseases, including cancer [14, 15] . The T[G transition (rs2279744) at position 309 in the first intron of MDM2 in the promoter region causes up-regulation of both MDM2 mRNA and protein, leading to impairment of the p53 pathway [16] . In Caucasians, a second functional single nucleotide polymorphism (SNP), 285 G[C (rs117039649), has been identified in the promoter region located 24 bps from SNP309 [17, 18] . This second SNP neutralizes the effect of the 309 T[G transition in MDM2, resulting in decreased MDM2 transcription [18] . There have been controversial findings demonstrating that the 309 MDM2 SNP is a susceptibility factor for the development of cervical cancer in disparate ethnicities [19] [20] [21] [22] [23] .
The purpose of this study was to investigate the distribution of MDM2 309 T[G and 285 G[C SNPs in women with squamous cell carcinoma (SCC) (n = 379), adenocarcinoma (n = 59) and other cervical tumor types (n = 18) and controls (n = 481) from a Polish population.
Patients and Methods

Study Population
The study population consisted of 456 patients with an assessed stage, histological grade and cervical tumor type based on the International Federation of Gynecology and Obstetrics. Patients' data were obtained from patients enrolled between July 2008 and August 2014 at the Department of Radiotherapy of the Greater Poland Cancer Center in Poznań, Poland. The patient group included randomly selected women with SCC (n = 379), adenocarcinoma (n = 59) or other histologic types of tumor (n = 18) ( Table 1) .
The control group consisted of 481 unrelated healthy female volunteers selected during medical examination at the University Hospital, Clinic of Gynecological Surgery at Poznań University of Medical Science (Table 1) . Information regarding pregnancy, oral contraceptive use, tobacco smoking, and menopausal status was obtained as part of the patient history. All the patients and controls participating in the study were Caucasians from the Wielkopolska area of Poland. Informed consent was obtained from all participating individuals. The study methods were approved by the Local Ethical Committee of the Poznań University of Medical Sciences (reference number of ethical approval: 1010/07).
Genotyping
DNA was isolated from peripheral blood leucocytes using the salting out method. We initially sought to identify the MDM2 309 T[G (rs2279744) polymorphism by PCR using the primers 5 0 -GAGCGGTCACTTTTGGGTCT-3 0 and 5-CGGAACGTGTCTGAACTTGAC-3 0 . The PCR-amplified MDM2 fragment, which is 437 bp in length, was digested using the endonuclease MspA1I (CMG/CKG; M = A or C; K = G or T) (New England Biolabs, Ipswich, USA) according to the manufacturer's protocol. The MDM2 309G gene variant was cut into 244, 147 and 46 bp fragments, while the MDM2 309T gene variant was cut into 244 and 193 bp fragments. DNA digestion products were separated by electrophoresis on a 3 % agarose gel and visualized by ethidium bromide staining. Because we did not observe differences in the distribution of the MDM2 309 T[G polymorphism between cases and controls, we subsequently decided to determine the distribution of the 285G[C (117039649) SNP. We found that only the FauI restriction enzyme could recognize the MDM2 285 G[C (117039649) SNP, although this enzyme also recognized several other restriction sites inside the amplified fragment. Therefore, the presence of the MDM2 285 G[C polymorphism was determined by Sanger sequencing analysis using the same pair of primers used for the MDM2 309 T[G SNP. The presence of the MDM2 309 T[G SNP was also verified by blindly selecting 30 % of the samples for sequencing analysis.
Statistical Evaluation
The distinction in genotypic and allelic prevalence between the patients and controls and their genotype deviation from Hardy-Weinberg (HW) equilibrium were evaluated using a v 2 test. The polymorphism was tested for association with cervical cancer incidence using the Cochran-Armitage P trend test (P trend ). The v 2 and Fisher exact tests were used to determine the differences in genotypic distributions between the patients and controls. The odds ratio (OR) and 95 % confidence intervals (95 % CI) were also calculated. A logistic regression analysis was used to adjust for the effect of confounders such as age, pregnancy, oral contraceptive use, tobacco smoking, and menopausal status. A P value of \0.05 was considered statistically significant. Statistical analyses were conducted using Statistica version 10, 2011 (Stat Soft, Inc., Tulsa, USA).
Results
Distribution of the MDM2 309 T>G (rs2279744) Polymorphism Among Patients with Cervical Cancer and Controls
The values for the v 2 test of HW equilibrium were 0.396 and 0.154 for the patients and controls, respectively. The distribution and statistical analyses of the MDM2 309 T[G genotype in the patients and controls are summarized in Table 2 . For all patients with cervical cancer, the P trend value calculated for the MDM2 309 T[G transition was not statistically significant (P trend = 0.251). The logistic regression analysis, which adjusted for the effect of age, pregnancy, oral contraceptive use, tobacco smoking, and menopausal status, also did not demonstrate an association with the MDM2 309 T[G transition for the cervical cancer patients (Table 2) . Furthermore, we did not observe an association of the MDM2 309 T[G polymorphism with histological type, SCC, adenocarcinoma, other tumors, histological grade or tumor stage ( Table 2 , Online Resource 1).
Distribution of the MDM2 285 G>C (rs117039649) Polymorphism Among Patients with Cervical Cancer and Controls
The values for the v 2 test of HW equilibrium were 0.612 and 0.403 for the patients and controls, respectively. The prevalence and statistical analyses of the MDM2 285 G[C genotypes in the patients and controls are presented in Table 3 . For all patients with cervical cancer, the p-trend value calculated for the MDM2 285 G[C polymorphism was statistically significant (P trend = 0.008). Adjusting for the effect of age, pregnancy, oral contraceptive use, tobacco smoking, and menopausal status, the logistic regression analysis demonstrated that the G/C versus G/G genotype has a significant protective role in cervical carcinogenesis, with an adjusted OR 0.540 (95 % CI 0.326-0.896, P = 0.017). There was also a protective effect of the C/C and G/C versus G/G genotype, with an adjusted OR 0.523 (95 % CI 0.319-0.858, P = 0.010).
There was also an association of the MDM2 285 G[C SNP with SCC (Table 3 ). In patients with SCC, the p-trend value calculated for the MDM2 285 G[C polymorphism was statistically significant (P trend = 0.016). We observed a protective effect of the C/C and G/C versus G/G genotype, with an adjusted OR 0.536 (95 % CI 0.317-0.905, P = 0.019). However, we did not observe an association of the MDM2 285 G[C polymorphism with adenocarcinoma, In contrast, the stratified analysis for MDM2 285 G[C revealed a protective role of this polymorphism among patients of all histological types with a positive history of pregnancy and oral contraceptive use and among women of premenopausal age (Table 4 ). The age-adjusted OR for women with a history of pregnancy possessing the C allele was 0.547 (95 % CI 0.318-0.881, P = 0.034). The ageadjusted OR for women with a history of contraceptive use possessing the C allele was 0.541 (95 % CI 0.223-0.901, P = 0.022). The age-adjusted OR for premenopausal women possessing the C allele was 0.362 (95 % CI 0.151-0.956, P = 0.018). However, no significant association was observed between MDM2 285 G[C and patients with a positive history of tobacco smoking.
We also found a protective role of the C allele against SCC in women with a positive history of oral contraceptive use (age-adjusted OR 0.413; 95 % CI 0.191-0.985, P = 0.021) and in premenopausal women (age-adjusted OR 0.362; 95 % CI 0.137-0.928, P = 0.022) ( Table 5) . However, we did not observe an association between MDM2 285 G[C SNP and pregnancy, oral contraceptive use, tobacco smoking, or menopausal status in patients with adenocarcinoma and other tumors (data not shown). Moreover, there was no association of either the MDM2 285 G[C or 309 T[G polymorphism with HPV genotypes (data not shown).
Distribution of the MDM2 285 G>C and 309 T>G Combined Genotypes Among Patients with Cervical Cancer and Controls
The distribution and logistic regression analyses of the MDM2 285 G[C and 309 T[G combined genotypes in the patients and controls are presented in Table 6 . Adjusting for the effect of age, pregnancy, oral contraceptive use, tobacco smoking, and menopausal status, the logistic regression analysis demonstrated that the 285GG/309GG versus the 285GG/309 TT genotypes are significantly associated with all histological types of cervical cancer, with an adjusted OR 1.753 (95 % CI 1.136-2.703, P = 0.011) (Table 6 ). Moreover, for all patients with cervical cancer, we observed a protective effect of the 285CC/ 309GG ? 285GC/309GG versus the 285GG/309GG genotypes, with an adjusted OR 0.306 (95 % CI 0.142-0.660, P = 0.002) ( Table 6 ). The reanalysis based on the histological type demonstrated that the 285GG/309GG versus the 285GG/309 TT genotype is a significant risk factor for SCC with an adjusted OR 1.890 (95 % CI 1.208-2.957, P = 0.005) ( Table 6) 
Discussion
MDM2 is considered an oncogene whose overexpression results in malignant transformations. The overexpression of MDM2 has been observed in various human malignancies, including sarcoma, melanoma, breast carcinoma, glioblastoma leukemia and others [24] . Studies conducted in animal models and in cells in vitro have demonstrated that MDM2 also displays p53-independent oncogenic properties that regulate proliferation, apoptosis, tumor invasion and metastasis [25] [26] [27] [28] [29] . MDM2 protein levels and function are precisely controlled at the transcriptional, translational [30] [31] [32] [33] and post-translational levels [34] [35] [36] [37] [38] [39] [40] . Therefore, various SNPs occurring in the MDM2 gene could potentially dysregulated both transcription and translation. The MDM2 309 T[G SNP augments the binding of transcriptional factor Sp1 to the 309 G allele. This transition increases MDM2 protein levels by 2-to 4-fold and reduces p53 function [16] .
In our study, we did not find a significant association between cervical cancer development or clinicopathological features and the MDM2 309 T[G SNP in our sample of the Polish population. Previous studies have shown that the MDM2 309 T[G polymorphism is not a risk factor for cervical cancer in northeastern Brazilian, Caucasian or African-American ethnicities [19, 20] . However, the MDM2 309 polymorphism has been shown to contribute to high-grade squamous intraepithelial lesions and HR-HPVrelated cervical carcinogenesis in a Japanese population [21] . Singhal et al. (2013) found that the MDM2 309 SNP in an Indian population is associated with cervical neoplasia, HPV infection and age at the time of neoplasia diagnosis [41] . Amaral et al. (2014) suggested MDM2 309 as a marker for the progression from low to high squamous intraepithelial lesions in a northeastern Brazilian population. This group also demonstrated that oral contraceptives, HPV infections and the MDM2 309 SNP synergistically contributed to cervical lesions [42] . The MDM2 309 SNP has also been shown to be a biomarker of cervical neoplasia in non-smoking women and in those with a family history of cancer in a southeastern Brazilian population [43] . A recently published meta-analysis did not demonstrate a significant association of the MDM2 309 SNP with cervical cancer risk in the overall population. However, a stratification-based ethnicity study revealed that the MDM2 309 SNP is a significant risk factor for cervical cancer in Asian populations [22] . Our results demonstrate that the MDM2 285G[C polymorphism may protect against SCC development in a sample of the Polish population.
The MDM2 285 G[C polymorphism exists in complete linkage disequilibrium with MDM2 309 T[G [17] . Knappskog et al. (2011) demonstrated that the 285 G[C SNP in the MDM2 promoter region did not exist in Asian populations but is present in Caucasian populations with an allele frequency of approximately 8 % [18] . Moreover, they found that the 285C/309G haplotype reduces the binding of Sp1 to the MDM2 promoter region and contributes to a reduced risk for breast and ovarian carcinomas in Caucasian populations [18] . Employing a plasmon resonance assay, Knappskog et al. (2011) demonstrated that the MDM2 309G allele increased the strength of binding to Sp1 by 22 % compared to that observed with the MDM2 309T allele [18] . Additionally, the MDM2 285C allele led to a 51 % decrease in the binding of Sp1 to the promoter region [18] . They showed that the MDM2 285C/309G haplotype, which is found in approximately 12 % of all MDM2 309G alleles in Caucasians, displayed approximately 10 % lower binding affinity to Sp1 than the MDM2 285G/309T haplotype. They also demonstrated that the MDM2 285G/309G haplotype exhibits the strongest binding between Sp1 and the MDM2 promoter region [44] and is likely responsible for the highest transcription rate of MDM2. These findings may partially explain the results of our study demonstrating that patients possessing the 285GG/309GG combined genotype exhibit an increased risk of SCC development. Moreover, the work of Knappskog et al. [18] is in agreement with our findings that indicate a protective role of the 285CC/309GG ? 285GC/ 309GG combined genotype against the development of SCC.
Our study also demonstrated that the MDM2 285 G[C polymorphism may protect women who have used oral contraceptives and women of premenopausal age from SCC. These results are in agreement with previously published data suggesting a possible causative role of contraceptive use and menopausal status in cervical cancer development [6, 7] as well as a protective role of the MDM2 285G[C SNP in some female estrogen-related cancers [17, 18] . Oral contraceptives are used by premenopausal women and may affect the increase in MDM2 expression, which can be further reduced by the MDM2 285C gene variant. It is notable that transcription factor Sp1 binds cooperatively with an estrogen receptor, and the 285 G[C transition is situated within the estrogen receptor binding site [45, 46] . It should also be noted that cervical cancer has also been recognized as an estrogen-affected malignancy [47, 48] .
Moreover, Renaux-Petel et al. (2014) recently found that Li-Fraumeni syndrome patients possessing the 285G/309G haplotype display an onset of tumors 5 years earlier compared to patients possessing other haplotypes [49] .
Our genetic assessment is the first to demonstrate that the MDM2 285 G[C polymorphism and the 285CC/ 309GG ? 285GC/309GG combined genotype may protect against SCC and that the 285GG/309GG combined genotype may increase the risk of SCC in Caucasian populations. However, this study is characterized by low statistical power for using these gene variants as a major predictor factor of cervical cancer development in clinical practice. Therefore, this study should be replicated in other larger independent cohorts.
